A new fluorescence in situ hybridisation (FISH) technique combining whole chromosome specific DNA libraries with pan-centromeric DNA and telomeric PNA probes was introduced to investigate the induction of chromosome exchanges in human lymphocytes after exposure to low (4 Gy X rays) and high (1 Gy neutrons) linear energy transfer radiation. This combination of probes allowed accurate detection of exchange aberrations involving the painted chromosomes and an unambiguous discrimination between complete and incomplete exchanges, as well as terminal and interstitial deletions. Data obtained in the present study using combined FISH assay with telomeres detection showed no differences between two types of radiation regarding the induction of incomplete exchanges.
INTRODUCTION
It is known that high linear energy transfer (LET) radiations, such as neutrons produce a higher local density of DNA double strand breaks (DSBs) compared to low LET radiation, such as X rays (1) (2) (3) . It has been suggested that the induction of incomplete chromosome exchanges might increase after high LET exposure, because of the more likely probability of incorrect and incomplete rejoining for the more densely packed DSBs (4) .
Recently, a new fluorescence in situ hybridisation (FISH) technique has been developed which combines whole chromosome 'painting' with pan-centromeric and telomeric probes (5) . This technique allows one to discriminate accurately complete from incomplete translocations. In the present study this technique was used to measure the frequencies of complete and incomplete translocations resulting from 1 Gy of 1 MeV neutron irradiation of human lymphocytes, and compared to that for X rays (4 Gy).
MATERIALS AND METHODS

Radiation source
For X rays, lymphocytes were irradiated at a dose rate of 2 Gy.min Ϫ1 with 4 Gy (220 kV, 4 mA). Neutrons were generated from a Low Flux Reactor (ECN, Petten, The Netherlands), at a dose rate of 0.1 Gy.min Ϫ1 , and lymphocytes irradiated with a dose of 1 Gy. Standard culture conditions were used and metaphase preparations were made following a 2 h colcemid treatment.
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FISH-assay
For fluorescence in situ hybridisation chromosomespecific DNA probes for chromosome 8 (Cambio, UK), pan-centromeric DNA probe (Cambio, UK) and pantelomeric PNA probe (Perseptive Biosystems, USA) were applied. The FISH assay was applied using a combination of standard procedures for chromosome and pan-centromeric probes with some modifications, together with a protocol for the PNA telomeric probe (5) .
RESULTS AND DISCUSSION
In the present study more than 2000 metaphases were analysed. When telomeric signals were not considered in the analyses, approximately 21 and 25% of chromosomal exchanges were scored as being incomplete following X rays and neutrons, respectively. The frequencies of apparently simple exchanges (i.e. reciprocal translocations and dicentrics) show a significant increase when incomplete exchanges were reclassified through the use of telomeric probes. Thus the percentages of true incomplete exchanges fell to approximately 4.5% of the total observed exchanges for the both types of radiation.
The present technique is unique in its ability to discern complete from incomplete exchanges, while simultaneously allowing an unambiguous distinction between dicentrics and translocations. Such information should be useful in the further elucidation of mechanisms underlying the formation of chromosome aberrations following neutron exposure, as well as with other types of high LET radiation, such as heavy ions. the staff of Low Flux Reactor at ECN (Petten, The Netherlands) for their help in performing neutron irradiation. This research is financially supported by the
